Damage to neurons in culture following medium change: role of glutamine and extracellular generation of glutamate.
Changing the medium of primary cell cultures of CNS origin causes severe damage that is mediated via the N-methyl-D-aspartate (NMDA)-type of glutamate receptors and dependent on the presence of glutamine in the medium. Data presented here show that glutamine has two roles in culture damage: glutamine is contaminated with a small amount of glutamate, which is responsible for initiating culture damage, and glutamine is the source of the glutamate that is produced extracellularly in damaged cultures. The NMDA receptor plays a critical role minutes after medium change when the glutamate contaminating the glutamine binds to NMDA receptors; during this time, addition of a low level (10-20 microM) of 2-amino-5-phosphonovaleric acid can block most culture damage and the appearance of extracellular glutamate. A higher level (300 microM) of 2-amino-5-phosphonovaleric acid can protect cultures when added at much later times (30-60 min). Between 3 and 6 h after medium change, the concentration of extracellular glutamate starts to rise and accumulates until the end of the culture period (20 h). Medium removed from cultures at 3 h or later after medium change and incubated alone (i.e., with no cells) also continues to generate glutamate; filtration (0.22 microns pore size) or centrifugation (18,000 g) stops the appearance of this glutamate. 6-Diazo-5-oxo-L-norleucine, an inhibitor of the mitochondrial enzyme glutaminase, blocks the generation of glutamate. Mitochondria or mitochondrial fragments are probably released from the damaged cells and then convert extracellular glutamine to glutamate, resulting in generation of a high extracellular glutamate concentration.